Thyroid tumors are usually associated with euthyroidism, and hyper functioning tumors are rare. There are few reports of carcinomas associated with hyperthyroidism. The aim of this study is to describe a case of hyper functioning papillary carcinoma associated with breast carcinoma. We present a 46-year-old woman that was referred for investigation of thyroid and breast nodules detected by routine ultrasound. She presented with hyperthyroidism and enlarged left thyroid lobe with fibroelastic consistency. Investigation demonstrated papillary carcinoma with follicular hyperactivity and invasive ductal carcinoma of the breast. The patient developed metastases 6 months later and died. This study demonstrates that hot thyroid nodules may harbor malignant tumors and should be punctured. The association with breast adenocarcinoma and the unfavorable outcome suggest higher aggressiveness of this tumor in the presence of hyperthyroidism.
Introduction
The association between hyperthyroidism and thyroid carcinoma, although rare, has been systematically reported over the last 60 years, first as isolated cases [1] - [3] , later in large series of patients submitted to thyroi-dectomy due to thyroid cancer [4] - [6] or in the ones with hyperthyroidism, in which, thyroid cancer was considered an unexpected finding [7] [8] . The first studies reported the association of hyperthyroidism with metastatic follicular tumors [2] [3] and toxic adenomas [1] and, subsequently, with Graves' disease and toxic multinodular goiter [6] . They suggested that hyperthyroidism could no longer be considered an indicator of benign thyroid disease and requires careful evaluation.
Differentiated thyroid carcinoma is usually associated with euthyroidism and may coexist with thyrotoxicosis if it occurs simultaneously with Graves' disease, or even with autonomous toxic carcinoma. If thyrotoxicosis is due to the tumor cell mass, demonstrated in most cases by clinical-histopathological correlation, toxic thyroid carcinoma is diagnosed as reported in the literature [9] [10] .
Most malignant thyroid tumors associated with hyperthyroidism so far reported, are papillary microcarcinomas (<1 cm), and had shown a favorable outcome after surgical treatment [5] [6] .
The aim of the present study was to report a rare case of toxic papillary thyroid carcinoma, i.e., the tumor itself showed histological signs of hyperactivity suggesting increased thyroid hormone secretion, resulting in the clinical presentation of hyperthyroidism. In addition, invasive ductal carcinoma of the breast showing an aggressive behavior was present concomitantly, resulting in an association that has generated much literature controversy [11] [12].
Patient
A 46-year-old housewife, born and living in Uberaba, Minas Gerais, Brazil, was referred by her gynecologist on February 6, 2008 , for investigation of a thyroid nodule detected by routine examination. A breast nodule was detected simultaneously by ultrasound and the patient was investigated for the two diseases.
A directed interview was performed and the patient reported profuse sweating, excessive heat, chronic fatigue, emotional lability and weight loss of 10 kg over the last year. The last symptom was attributed to epigastralgia and gastritis causing reduced food intake. The patient also reported frequent episodes of migraine. She had no family history of breast or thyroid cancer.
Upon physical examination, the patient weighted 69 kg, measured 1.67 m, and had a body mass index (BMI) of 24.8 kg/m 2 . The patient was in good general condition, had normal skin color, was well-hydrated, and anicteric. Examination revealed a painless and movable enlarged left thyroid lobe of fibroelastic consistency, but without delimitation of the nodule. The right lobe presented a normal volume and no nodules. Heart: rhythmic, normophonetic, without murmurs at 88 spm. The lungs were clean and no visceromegalies were detected in the abdomen. The patient presented discrete edema of the lower limbs.
Laboratory Tests
Laboratory tests revealed reduced TSH (0.005 µIU/ml; reference value (RV): 0.38 -4.5) and increased free T4 (4.26 ng/dl; RV: 0.8 -2.3); anti-TPO: < 10 IU/ml (RV: < 10); anti-TG: < 20 IU/ml (RV: < 20) . Ultrasonography revealed a heterogenous echotexture of the left thyroid lobe and an isoechoic nodule measuring 1.5 × 0.9 × 1.1 cm in the middle third. Scintigraphy of the thyroid showed a topic gland, a hot nodule in the left lobe and suppressed contralateral lobe (uptake: 5.2%; RV: 1% to 4%) (Figure 1) .
In view of the personal history of the patient, ultrasound-guided fine needle aspiration biopsy (FNAB) of the thyroid was performed, which demonstrated papillary carcinoma with cystic alterations and indirect signs of follicular hyperactivity characterized by high cells plenty of reabsortion vacuoles, colloid cytoplasmic granules and cariomegaly (Figure 2) .
The patient received 40 mg/day methimazole for compensation of hyperthyroidism prior to thyroid and breast surgery. After 2 months of clinical treatment, the patient was submitted to quadrantectomy of the left breast and total thyroidectomy, which were performed during the same surgical procedure
The thyroid weighed 37.1 g, measured 6.0 × 5.5 × 3.5 cm in the longitudinal, lateral and anteroposterior direction respectively. The external surface was bosselated and presented a bright reddish-brown color, with evident vascularization. The cut surface (Figure 3) showed an unencapsulated, bright pinkish-grey nodule with ill-defined margins located in the middle third of the left lobe 0.7 cm from the subscapular region. The nodule measured 2.2 × 1.2 × 0.7 cm, had an elastic consistency, and scar-like appearance. The nodule was surrounded by elastic, bright red wine-colored tissue, contrasting with the remaining thyroid parenchyma which presented a light brown color. Five elastic, yellowish-brown lymph nodes measuring 0.3 to 0.8 cm were identified on the posterior surface of the thyroid.
The diagnosis was papillary carcinoma located in the middle third of the left lobe and measuring 2.2 cm (Figure 4) , without vascular or thyroid capsule invasion. The thyroid parenchyma surrounding, as well as the tumor itself, presented follicular hyperactivity, whereas no alterations were observed in the remaining parenchyma, indicating a toxic carcinoma (Figure 5) . Five lymph nodes were present, two of them with papillary carcinoma metastases measuring 2 mm in diameter and without extranodal extension. Due to these findings, the pathological tumor stage was pT2 pN1a pMx.
Anatomopathological examination of the breast revealed a brownish-grey, hard, oval-shaped nodule with illdefined margins in the retroareolar region, measuring 1.6 × 0.7 × 0.7 cm and radiating to the periphery (Figure 6 ). Follow-up included eight sessions of chemotherapy and 30 sessions of radiotherapy. Treatment with tamoxifen was continued. One month after total thyroidectomy (TSH: 33.7 mIU/mL, free T4: 0.43 ng/dL), the patient was submitted to whole-body scanning with 131 iodine, which showed thyroid remnants in the anterior neck region. Treatment was complemented with 3700 MBq radioiodine. L-Thyroxine suppressive therapy was then initiated (150 μg/day) and six month later thyroglobulin was 0.3 mg/mL with no evidence of nodules or ganglia by neck ultrasound. One year later, the patient developed breast metastases to the liver and lungs and died within 3 months.
Discussion
This study reports a rare case of toxic papillary thyroid carcinoma concomitant to an invasive ductal carcinoma of the breast, with fatal outcome due to metastases and complications of the breast tumor. Whether this association is a coincidence or whether thyroid and breast tumorigenesis share common factors is the challenge of the analysis of this case.
In the present study, the diagnosis of toxic thyroid carcinoma was made by FNAB of the thyroid, confirmed by histopathological analysis, in a context of hyperthyroidism. Usually, aspiration biopsy of hot nodules, especially with the remaining of the gland suppressed, is not a routine procedure at our service. The personal history of cancer was considered a risk factor and if it would have not been taken into account, these findings would have been erroneously interpreted as Plummer's disease. In addition, the diagnosis of thyroid cancer by FNAB allowed better planning of the necessary surgical procedures.
Another atypical aspect of this case is the hormonal production by a thyroid carcinoma. Studies investigating the tumorigenesis of well-differentiated thyroid cancer have shown that follicular cells are less efficient in organifying iodine and processing thyroid hormones. Decreased radioiodine uptake due to reduced expression of the gene encoding the Na-I symporter (a glycoprotein involved in the transport of iodine into the thyroid cell) has been demonstrated. In contrast, toxic thyroid carcinomas comprise a highly differentiated subgroup whose molecular functions are preserved and that are able to process thyroid hormones [13] , thus allowing the development of hyperthyroidism. In addition, somatic mutations in TSH receptor (TSH-R) genes have been detected not only in toxic adenoma [14] [15] but also in toxic thyroid carcinoma. These mutations lead to the constitutive activation of the intracellular cAMP cascade, inducing hormonogenesis in tumor cells [13] and thus explaining hyperthyroidism. Controversies exist whether TSH-R mutations themselves induce cell proliferation or whether they are followed by other mutations in important oncogenes of intracellular signaling pathways such as MAPK, PI3K and Wnt [16] resulting in abnormal proliferation and tumorigenesis. These pathways are integrated into the cAMP-PKA pathway and alterations in their cross-talk may result in cell proliferation and carcinogenesis.
Another unusual aspect of this case is the association between thyroid and breast cancer and its fatal outcome, raising the question whether the presence of thyroid disease aggravates or contributes to the unfavorable evolution of breast cancer. Literature data are not conclusive but some epidemiological studies have reported a higher prevalence of breast cancer among patients with thyroid diseases, especially hypothyroidism due to autoimmune disease [17] - [20] , whereas others were unable to show such association [11] . Regarding to hyperthyroidism, the data are also conflicting. Vorherr [21] reported an increased survival of patients with hyperthyroidism and breast cancer. Saraiva et al. [22] suggested an association between breast cancer and subclinical hyperthyroidism, whereas no relationship between breast cancer and hyperthyroidism was observed in epidemiological studies involving large series of patients [23] [24] .
The present case could be a rare coincidence of these two diseases that show a peak incidence at this age, with a questionable causal relationship between the two conditions. Claudine et al. [10] , comparing the evolution of 19 cases of toxic papillary cancer and non-toxic papillary cancer, observed a lower 5-year survival rate in the former (56% versus 94.5%), suggesting higher aggressiveness of these tumors. In the present case, the metastases found in the liver and lungs were attributed to the breast cancer, indicating its aggressiveness.
The high T3 and T4 concentrations observed in the present case may have interfered with the behavior of the breast tumor, increasing its aggressiveness through cross-signaling in estrogen-signaling pathways or in other synergistic pathways, worsening its evolution. After total thyroidectomy, the patient went through successive periods of hyperthyroidism until receiving therapeutic complementation with radioiodine. Thyroxine therapy and TSH suppression were continued thereafter. These successive changes in T3 and T4 at the cellular level would be another aspect to be considered. Nogueira and Brentani [25] demonstrated that triiodothyronine mimics the effects of estrogens in breast cancer cell lines. Similarly, Dinda et al. [26] showed the estrogen-like actions of thyroid hormones on the regulation of tumor suppressor proteins, p53 and retinoblastoma protein, in breast cancer cells.
Conclusion
In conclusion, this study describes the rare association between toxic thyroid cancer and breast cancer whose evolution suggests that elevated concentrations of T3 and T4 may have increased the severity of the latter. Taking the rarity of the simultaneous occurrence of these two diseases, future molecular studies may provide insights into the mechanisms of thyroid and breast tumorigenesis.
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